
MOLECULAR AND CLINICAL ONCOLOGY  13:  17,  2020

Abstract. In the aging society in Japan, the occurrence of 
multiple primary cancers has recently increased due to an 
increase in life expectancy and increased development in 
cancer diagnostic technology and improvement in treatment 
outcomes. However, few reports have focused on multiple 
primary cancers in patients with bone and soft tissue tumors. 
The present study aimed to analyze the clinical characteristics 
of patients with multiple malignancies of the bone and soft 
tissue. Between April 2008 and April 2017, among 973 patients 
treated at the Department of Orthopedic Surgery, Osaka City 
University Hospital, those with multiple primary cancers 
involving bone and soft tissue were identified. The number of 
cases with multiple cancers in the present study was 30/973 
(3.08%), including 21 males and 9 females. The median age 
at diagnosis of patients with bone and soft tissue sarcoma was 
73.5 years (range, 7‑83 years). There were 22 patients with 
double cancers, and 5, 2 and 1 patients with triple, quadruple 
and quintuple cancers, respectively. Colorectal cancer was 
the most common primary cancer (n=9). In total, 28.6% of 
patients had simultaneous cancer, while 71.4% of patients 
had heterochronous cancer. The overall 5‑year survival for 
all patients was 75.6%. The prognosis of patients with double 
cancer of bone and soft tissue sarcoma was not necessarily 
poor. However, it is necessary to pay attention to the possi‑
bility of secondary malignancy. Therefore, it is essential to be 
careful and well organized when selecting treatment modali‑
ties and to adopt a logistical approach for the care of patients 
with ongoing multiple malignancies.

Introduction

Multiple primary cancers are defined as the presence of two 
or more independent primary cancers in an individual (1). The 
incidence of multiple primary cancers is between 2.3 and 5.2% 
of all cancer patients (2‑4). Male sex, age, and timing of first 
cancer diagnosis are significant relevant factors for multiple 
primary cancers (3). Multiple primary cancers in young men 
are primarily due to genetic predisposition and secondarily 
related to the treatment of the first cancer. In contrast, in adults, 
age at diagnosis is known to be a strong factor in increasing 
the risk of multiple primary cancers  (5). Cross‑sectional 
studies have revealed that patients in their 70s had the highest 
prevalence of multiple primary cancers (6), at 15% (7). Age 
has been reported as a predisposing factor in many malignant 
tumors (8).

The total number of patients with multiple malignancy 
is expected to continuously increase due to the increased 
survival and longevity brought about by the development of 
cancer treatment. In readiness for the increasing Japan's aging 
population, clarification on the characteristics of patients 
with primary malignancies and multiple primary cancers is 
required. However, few studies have reported the incidence of 
multiple primary cancers in patients with bone and soft tissue 
malignancies.

This study aimed to analyze the clinical characteristics 
of patients with multiple malignancies of the bone and soft 
tissue. The incidence, frequency, prognosis, and identification 
of simultaneous or heterochronous cancers were assessed.

Materials and methods

Materials. This was a retrospective, institution‑based study. 
From our institutional database, 973 patients with bone or soft 
tissue sarcoma were diagnosed according to the World Health 
Organization histological classification (9). Of 973 cases, 89 
were bone sarcoma and 884 were soft tissue sarcoma. These 
patients underwent surgery, including biopsies, at our hospital 
from April 2008 to April 2017. Inclusion criteria were as 
follows: i) Patients who underwent surgery, including biopsies, 
at our hospital from April 2008 to April 2017; ii) confirmed 
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pathological diagnosis; and iii) patients were diagnosed with 
two or more independent primary cancers including bone or 
soft tissue sarcoma. We excluded patients diagnosed with bony 
metastases and patients with incomplete medical records from 
the study.

Overall, 30  patients with multiple primary cancers, 
including bone or soft tissue sarcoma, matched these 
criteria. The period from the first consultation date to the last 
consultation date was defined as the follow‑up interval.

Methods. Patient's age at sarcoma diagnosis, sex, histological 
subtype, tumor location, clinical stage based on the AJCC 
system (7th ed.), simultaneous cancer or heterochronous 
cancer, history of smoking, family history, and prognosis were 
reviewed.

In all cases, sarcoma surgery was performed to produce a 
wide surgical margin, except in atypical lipomatous tumors. 
Chemotherapy was administered to the patients with osteo‑
sarcoma, Ewing sarcoma, rhabdomyosarcoma, and high‑grade 
sarcomas with unresectable and/or distant metastases. The 
dose and/or intensity of chemotherapy was occasionally 
reduced according to the patient's performance status (PS), 
age, and the general condition of the patient. Indications for 
radiation therapy were as follows: i) High risk of postoperative 
recurrence with marginal or intra‑surgical surgical margin, or 
ii) surgery could not be performed due to poor patient condition. 
Informed consent was obtained from all patients to present the 
data and this study was approved by the institutional review 
board.

Statistical analysis. The 5‑year probability of survival was 
calculated using Kaplan‑Meier analysis  (10). Statistical 
analysis was performed using the Excel Statistics software for 
Windows (version 2018; SSRI Co., Ltd.).

Results

Patients and tumor histology. Of 973 patients, 30 (3.08%) 
had multiple bone and soft tissue sarcomas. The median 
age at the time of bone or soft tissue sarcoma diagnosis 
was 73.5 (range, 7‑83) years; 21  patients were male and 
9 patients were female. The histological sarcoma types were 
as follows: Atypical lipomatous tumor (n=5, 16.7%), undiffer‑
entiated pleomorphic sarcoma (n=5, 16.7%), dedifferentiated 
liposarcoma (n=3, 10%), leiomyosarcoma (n=3, 10%), pleo‑
morphic liposarcoma (n=3, 10%), chondrosarcoma (n=2, 6.7%), 
myxofibrosarcoma (n=2, 6.7%), and 7 other types of sarcoma 
(n=1, for each of the other 7 types, respectively) (Table I). The 
average follow‑up was 32.6 (range, 1.1‑84) months.

Site of primary cancers. Table II shows the data on multiple 
primary malignancies. Colorectal cancer was the most 
common primary cancer (n=9), followed by gastric cancer 
(n=6), malignant lymphoma (n=3), renal cancer (n=3), prostate 
cancer (n=3), lung cancer (n=3), breast cancer (n=2), and others.

Simultaneous or heterochronous. There were 22  patients 
with double cancer, including 9 patients with simultaneous 
cancer and 13 with heterochronous cancer. Five patients had 

triple cancer, including 1 patient with simultaneous cancer 
and 4 patients with heterochronous cancers. Two patients had 
quadruple heterochronous cancers and one patient was identi‑
fied with quintuple heterochronous cancers. Overall, 28.6 and 
71.4% of all patients had simultaneous and heterochronous 
cancers, respectively (Table III).

Clinical information on patients with multiple primary 
malignancies. Table IV shows the clinical data of those with 
multiple cancers, including bone and soft tissue malignan‑
cies. One osteosarcoma case was suspected to be a secondary 
cancer associated with Ewing sarcoma treatment (11). The 
5‑year overall survival for all patients was 75.6% (Fig. 1).

Case report. An 81‑year‑old man noticed a mass in his right 
thigh 8 months prior to his clinical presentation; after a soft 
tissue tumor was identified at a local hospital, he was referred 
to our hospital.

Axial T1‑weighted and coronal T2‑weighted magnetic reso‑
nance images showed an iso‑intense (T1) and heterogeneously 

Table I. Patients and tumor histology.

Characteristics	 Value

Total patients	 30
Age, years (range)	 73.5 (7‑83)
Sex, n	
  Male	 21
  Female	 9
Location, n	
  Extremity	 20
  Trunk	 10
Histology, n	
  Atypical lipomatous tumor	 5
  Undifferentiated pleomorphic sarcoma	 5
  Dedifferentiated liposarcoma	 3
  Leiomyosarcoma	 3
  Pleomorphic liposarcoma	 3
  Chondrosarcoma	 2
  Myxofibrosarcoma	 2
  Angioleiomyosarcoma	 1
  Ewing sarcoma	 1
  Fibrosarcoma	 1
  Granulocytic sarcoma	 1
  Malignant peripheral nerve sheath tumor	 1
  Extra‑skeletal myxoid chondrosarcoma	 1
  Myxoid liposarcoma	 1
Clinical stage, n	
  IA	 2
  IB	 6
  IIA	 2
  IIB	 7
  III	 6
  IV	 7
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hyper‑intense (T2) mass in the right vastus intermedius muscle 
(Fig. 2A). Using positron emission tomography‑computed 
tomography, the maximum standardized uptake value (SUV) 
within the tumor lesion was 16.95, with an abnormal uptake 
in the colon (Fig. 2B). Undifferentiated pleomorphic sarcoma 
was diagnosed based on pathological needle biopsy assess‑
ment. We performed a wide tumor resection. Postoperatively, 
colonoscopy revealed colorectal cancer (Fig. 2C). The plan 
was for a resection of the colorectal cancer; however, CT 
showed lymph node metastases. Therefore, the best supportive 
care was selected, given his age, activities of daily living, and 
general condition. He eventually died of lung metastasis from 
colorectal carcinoma.

Discussion

Multiple primary cancers are defined as coexistent cancers 
that occur simultaneously or sequentially in one individual. 
In 1887, the first diagnostic criteria for multiple cancer were 
defined by Billroth (12). Recently, the diagnostic criteria often 
used are those defined by Warren and Gates in 1932. The 
criteria are as follows: i) Each tumor individually presents 
with malignant features at a certain state; ii) each tumor is 

situated apart from the other; and iii) each tumor has been 
confirmed as not being a metastasis of the other (13).

The occurrence rate of multiple primary cancers is 
between 2.4 and 5.2% of all primary malignancies  (2‑4). 
While several researches have reported multiple primary 
cancers, few described multiple primary cancers focusing 
on bone and soft tissue sarcoma. In this study, we identified 
only one patient with double sarcoma that was diagnosed as 
osteosarcoma, being a secondary cancer related to Ewing 
sarcoma treatment (11). Two studies have analyzed multiple 
primary cancers with a focus on soft tissue sarcoma (5,14). 
From the analysis of cancer registry records, 7 of 305 adults 
with soft tissue sarcoma (2.3%) developed another primary 
malignant cancer before or after diagnosis of soft tissue 
sarcoma (4). Because soft tissue sarcoma was not the focus 
of the report, the characteristics of multiple primary cancers 
with soft tissue sarcoma were not explored. Other studies 
have investigated multiple primary cancers in patients with 
soft tissue sarcoma and the incidence rate was found to be 
9% (n=35/406; with age range, 18‑87 years)  (5) and 7.5% 
(n=28/375; with age range, 16‑72 years) (14). Thus, the occur‑
rence of multiple primary malignancies with soft tissue 
sarcoma differs little from that of other kinds of cancers. In 
this study, the incidence rate of multiple primary cancers, 
including bone and soft tissue sarcomas, was 3.08% (30/973), 
which was similar to that of multiple primary cancers in all 
primary cancers.

Cancer that occurs within a year after another cancer 
was detected is defined as simultaneous cancer, and cancer 
occurring after 1 year of another is defined as heterochronous 
cancer; our study adopted this definition. There are some 
reports of simultaneous multiple primary cancers (15,16). In 
this study, the rate of simultaneous multiple primary cancers 
was 28.6% and the rate of heterochronous multiple primary 
cancers was 71.4%.

It is necessary to distinguish between hereditary and 
non‑hereditary causes of multiple primary cancers. A 
hereditary tumor occurs when an abnormality in one gene is 
inherited, along with other genetic diseases, e.g., Li‑Fraumeri 
syndrome, von Hippel‑Lindau disease, and multiple endocrine 
neoplasia (17). A hereditary tumor should be suspected if the 
patient had multiple primary cancers at a younger age or has 

Table II. Multiple primary malignancies.

Primary cancer	 Number

Colorectal cancer	 9
Gastric cancer	 6
Malignant lymphoma	 3
Renal cancer	 3
Prostate cancer	 3
Lung cancer	 3
Breast cancer	 2
Brain tumor	 1
Bladder cancer	 1
Cervical cancer	 1
Chronic myelogenous leukemia	 1
Endometrial cancer	 1
Oesophageal cancer	 1
Osteosarcoma	 1
Ovarian cancer	 1
Thymic carcinoma	 1
Thyroid cancer	 1

Table III. Simultaneity and heterochrony.

	 Simultaneity,	 Heterochrony,	 Total,
Duplication	 n	 n	 n

Double cancer	 9	 13	 22
Triple cancer	 1	 4	 5
Quadruple cancer	 0	 2	 2
Quintet cancer	 0	 1	 1

Figure 1. Overall survival of patients with multiple primary cancers. The 
5‑year overall survival rate for all patients was 75.6%. 
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a family history in the same organ. No patient had a relevant 
family history in this study.

Kozawa et al (18) revealed that the incidence of multiple 
primary cancers was 23% (23/100) in patients aged >65 years 
with high‑grade soft tissue sarcoma. In general, older people 
have a risk of multiple primary cancers (5). More than 50% 
of all cancers occur in individuals aged >65  years  (19). 
Furthermore, the accumulation of genetic changes and inac‑
curate DNA repair become more common with age  (20). 
Advances in diagnostic techniques and multidisciplinary 
treatment for patients with malignant tumors are contributing 
factors to the increasing frequency of multiple primary cancers 
diagnosed in older patients. In this study, the median age was 
73.5 years, which was relatively older than that reported in 
previous studies.

Secondary cancers due to chemotherapy or radiation therapy 
for primary cancers are also considered multiple primary 
cancers. The occurrence rate of bone tumors as secondary 
cancers is 2.8% within 20 years, and radiation therapy‑asso‑
ciated incidence rates depend on the irradiation dose (21). 
Moreover, alkylating agents are related to the incidence of 
secondary cancers in a dose‑dependent manner (22). In this 
study, we presented a patient with osteosarcoma as a secondary 
cancer that occurred in the right femur 7 years post treatment 
for left‑sided Ewing sarcoma of the pelvis. A high dose of 
alkylating agents was used to treat the Ewing sarcoma (11).

Smoking is a common risk factor for multiple primary 
malignancies. Cancers associated with smoking include 
oral, esophageal, lung, bladder, and pancreatic cancers. Point 
mutations in tumor suppressor gene p53 are familial for 
smoking‑related genetic changes (17). In this study, 36.7% 
(11/30) of the study participants had a smoking history which 
was higher than that reported in the national tobacco smoker 

ratio survey, conducted by the Japan Tobacco Inc. in 2018 
(17.9%) (23).

In this study, colorectal cancer was the most common 
cancer (n=9) and gastric cancer was the second most common 
cancer (n=6). The stomach, colon, lungs, and bladder have 
been listed as organs with the highest frequency of multiple 
primary malignancies (17). In combined gastric and colorectal 
cancers, the frequency of microsatellite instability was due to 
an abnormality in the DNA mismatch mechanism (24).

Patients with duplicated cancer are less likely to develop 
metastasis, even in stages similar to those of patients with 
single cancerous lesions, and the prognosis is relatively 
good  (25). Kozawa  et  al  (18) reported that prognosis for 
patients with multiple cancers with soft tissue sarcoma was 
not necessarily poor in elderly patients (>65 years). This may 
be because careful follow‑up of the first primary cancer can 
lead to early detection of secondary cancer. In Japan, based on 
the registry of 1,769 cases of soft tissue mass in 2015, 5‑year 
overall survival was about 78% (26). The 5‑year overall survival 
rate for patients with bone sarcoma was 66.9% from 2008 to 
2014, based on data from the Surveillance, Epidemiology, and 
End Results (SEER) Program (27). In this study, the 5‑year 
survival rate of those with multiple primary cancers, including 
bone and soft tissue sarcoma, was relatively good (75.6%). 
Early detection of multiple primary malignancies in addition 
to aggressive treatment is considered necessary for a good 
prognosis.

This study had several limitations. This was a retrospective, 
institution‑based study with a small sample size; in addition, 
a relatively short follow‑up period was used to identify the 
definitive factors that affected patient prognosis. Furthermore, 
those with an atypical lipomatous tumor, which is considered 
an intermediate malignancy, were included.

Figure 2. (A) Coronal T2‑weighted MRI showing heterogeneous, high intensity of mass. (B) Positron emission tomography‑computed tomography showing a 
right thigh mass (maximum SUV, 16.95) and abnormal colon uptake (maximum SUV, 17.78). (C) Advanced colorectal cancer. SUV, standardized uptake value.
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In conclusion, as the frequency of multiple primary cancers 
is expected to increase with the increase in the number of elderly 
patients, careful follow‑up after remission of primary cancer 
is important. However, the occurrence of multiple primary 
cancers is not necessarily associated with a poor prognosis.
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